Compartment syndrome as a result of patient positioning for surgery is a rare but serious complication. Compartment syndrome as a result of anabolic steroid use is more rare. We present a unique case of compartment syndrome related to anabolic steroid use and patient positioning for complex distal humerus fracture fixation and also provide a review of the literature related to this topic.
Introduction
Compartment syndrome as a result of patient positioning for surgery is a rare but serious complication more commonly noted following urological, colorectal or gynaecological procedures, [1] [2] [3] although it has been reported in the orthopaedic literature. 4, 5 Deltoid compartment syndrome is also uncommon, 6, 7 with only one report linking operative positioning to deltoid compartment syndrome. 8 Compartment syndrome as a result of anabolic steroid use is more rare. [9] [10] [11] [12] [13] To our knowledge, the case described here is the first case of deltoid compartment syndrome related to a combination of anabolic steroid use and patient positioning during orthopaedic surgery.
Case report
A 20-year-old right-hand dominant electrician fell from a ladder at a height of 12 feet onto his right side. He sustained an intra-articular fracture of the right distal humerus (AO 13-C3) ( Figure 1 ) and a stable undisplaced fracture of his right distal fibula. There were no injuries to the opposite limb.
He underwent olecranon osteotomy and open reduction internal fixation of his right distal humerus fracture 5 days following injury ( Figure 2 ).
The patient had no significant previous medical history and was assessed by the anaesthetist as ASA Class 1. The patient had a body mass index of 30 kg/m 2 . Awake supraclavicular brachial plexus block was noted to be technically difficult as a result of the increased muscle mass and a large number of veins in proximity to the brachial plexus.
The patient was positioned in the left lateral decubitus position on a modern padded fracture table  (Eschmann MR Manual Table; Eschmann, Lancing, UK) with pelvic supports and the right arm free over an L-shaped bar without tourniquet. His left forearm was held, flexed at the elbow, with a padded support, After approximately 2 hours of surgery, the patient developed a gradual rise in heart rate to 125 beats/ minute and hypertension relative to his baseline blood pressure.
The patient and equipment were examined to try and rule out obvious causes. No anaesthetic cause was found. The patient's positioning on the theatre table was rechecked and no compression to the eyes or peripheral nerves was found. The visible blood loss at the time was not excessive and, clinically, the patient was warm and well perfused. The precise cause of this tachycardia remained unclear.
On awakening, after a total 6 hours of anaesthesia, his tachycardia and hypertension increased (heart rate 160 beats/minute; systolic blood pressure 160 mmHg) and he became profoundly sweaty. A further 10 mg of morphine had been administered prior to extubation; however, the patient immediately complained of excruciating pain from his left shoulder, which he had been lying on during surgery. Clinical examination revealed a grossly swollen, erythematous exquisitely tender deltoid region. Passive abduction of the arm was especially painful, and active abduction was impossible because of the pain. Examination of the elbow and wrist were unremarkable, and sensation was intact throughout the arm and hand, with a palpable radial pulse. Compartment syndrome was suspected on clinical grounds and this was confirmed by a middle deltoid compartment pressure of 85 mmHg, as measured by an intra-compartmental pressure monitor (Stryker; Kalamazoo, MI, USA). Because this was found to be sufficiently high to warrant fasciotomy, the pressures in the anterior and posterior deltoid compartments were not measured. An X-ray confirmed that there was no fracture or dislocation to the left shoulder.
The patient was immediately transferred back to theatre for deltoid fasciotomy. Through a lateral deltoid incision, the fascia and epimysium of all three deltoid compartments (anterior, middle and posterior) were incised along the line of the fibres. All three compartments were under high tension and muscle herniated out from within the compartment in each case. The muscle was oedematous though viable in all three compartments. The skin and fascial incisions were left open and lightly dressed.
There was a marked improvement in cardiovascular parameters following decompression of the fascial compartment (heart rate falling from 130 to 90 beats/minute and systolic blood pressure falling from 120 mmHg to 90 mmHg).
Postoperatively, the patient was transferred to the intensive care unit and was kept sedated and ventilated. He remained cardiovascularly stable, requiring no inotropic support, whereas, from a renal perspective, he had visible myoglobinuria with a good urine output, and a modest postoperative rise in urea (from 5.6 mmol/L to 8.7 mmol/L) and creatinine (from 87 mmol/L to 113 mmol/L), although his postoperative serum potassium was 6.7 mmol/L. This was managed with calcium gluconate and an insulin-dextrose infusion. Overnight, his metabolic acidosis improved, although creatinine kinase levels rose from an initial postoperative value of 5668 units/L to a peak at 18300 units/L at 10 hours post fasciotomy.
He was extubated without complication the following morning but remained as a patient on the highdependency unit for analgesia and monitoring for 5 days, during which time the fasciotomy wound was closed. All blood parameters returned to normal within 48 hours.
The patient subsequently admitted to systematic abuse of injectable anabolic steroids to enhance his physique for a forthcoming holiday.
He was then transferred to a plastic surgery facility for split skin grafting of the triceps wound associated with the fracture fixation, which could not be closed, primarily as a result of tension. At 6-month follow-up, he has a healed fasciotomy wound with normal shoulder function and he is back to work as an electrician.
Discussion
Compartment syndrome is a rare occurrence in the upper limb, a fact attributed to a more compliant fascia 14 and also because the compartments freely communicate with the shoulder girdle, allowing further distribution of oedema and therefore pressure. 15 Deltoid compartment syndrome is therefore extremely rare, with few cases being documented. One case reported blunt trauma to the triceps, resulting in both triceps and deltoid compartment syndrome requiring fasciotomy. 7 This was considered to be a result of extravasation of oedema from the posterior arm compartment into the adjacent deltoid compartment. Another report describes two intravenous drug addicts who suffered deltoid compartment syndrome as a result of compression in a prolonged obtunded position, rather than intra-compartmental injection of heroin. 8 The only previous report of deltoid compartment syndrome related to operative positioning 9 describes a tall well-built man undergoing 8 hours of orthopaedic surgery in the right lateral decubitus position. He developed deltoid compartment syndrome of the right shoulder requiring fasciotomy. This case, however, did not have the added factor of anabolic steroid abuse, with the attendant rapid muscle growth that this case involves.
Reports have documented compartment syndrome following low velocity trauma normally unassociated with such complications, describing the increased pressure as being 'accelerated' in polytrauma patients abusing anabolic steroids. 10, 12, 13 It has been suggested that anabolic steroid users are more susceptible to compartment syndrome as a result of rapid muscle expansion without concomitant fascial sheath expansion. 12 The use of recreational anabolic steroids has increased in recent years, with approximately 27,000 16-24-year-olds admitting to their use in 2010. 16 This increasing prevalence was noted in North-East England when 43% of new attendees on a needle exchange scheme were anabolic steroid users. 17 Anabolic steroids are freely available online, with little regulation of the quality or quantity. 18 Their use is no longer limited to elite athletes and is now also accessible to regular gymattending members of the public, with one study finding that up to 15.2% of men who regularly attended the gym in London in 2000 had used anabolic steroids within the previous 12 months. 19 Given this increased use, cases of unusual compartment syndrome may become more common. Anaesthetic and surgical teams must have a high index of suspicion with regard to anabolic steroid use in highly muscular patients of all ages because this can influence the peri-operative care provided by both teams.
Patients should be directly questioned during preassessment and special care should be taken with regard to patient positioning for surgery. Extra precautions regarding padding and positioning may need to be made, over and above the normal, in patients who may have taken anabolic steroids. Anaesthetic and surgical procedures may be technically difficult and more time consuming as a result of muscle bulk and increased vascularity and so allowances should be made for this: if the patient is likely to be positioned in the lateral decubitus position for a long period, consideration of another position could be made (e.g. prone), although this may place pressure on the pectoral and quadriceps compartments.
